(From the Department of Physiology, University of London, King's College.)
IT was first shown by Moore and Purinton in 1900 (1) that small doses of adrenal extract may cause a fall of arterial blood-pressure in dogs under the influence of chloroform. Many workers have since demonstrated that a similar effect can be obtained with the active principle. In 1926 MacDonald (2) showed that this effect was obtained notably in animals anaesthetised with ether. The decerebrate animal free from ether or chloroform does not give the depressor reaction.
In 1915 it was observed by Hartman(3) that whereas the splanchnic vessels were usually constricted, the extrasplanchnic vessels were apt to be dilated by adrenaline. Hoskins, Gunning and Berry(4) further showed that the vasodilator effects occurred in the skeletal musculature; these observers found that whereas adrenaline usually caused, in both pressor and depressor dosage, a shrinkage of the intact limb, the skinned limb expanded except with massive doses. At the same time the outflow of blood from the veins of muscles was increased, while the cutaneous venous stream was diminished. That massive dosage may cause expansion of the skinned limb is seen in Fig. 1 .
The suggestion does not appear to have been made that the depressor effect of small doses is largely evidence of vasodilatation in muscles, the viscero-cutaneous vasoconstriction being, as a result of anesthesia, temporarily diminished. This probability was suggested by the observations of Aveling and McDowall (5) , that alterations in the electrical resistance of the skin such as can by suitable procedures be obtained in the chloralosed animal could not be obtained under ether anwsthesia.
These observations indicated, in view of their explanation of the changes in electrical resistance of the skin, a diminished reactivity of the cutaneous vessels. Blair and Bingham(6) have recently obtained anatomical evidence that the vessels of muscles receive nerve fibres which run independently of those for the skin vessels. It may be noted that Donegan (7) found that whereas the superfwial and mesenteric veins were markedly contracted by adrenaline in a dilution of 1 in 1,000,000, the veins of the muscles were practically unaffected by a solution of the same strength. The topography of adrenaline vasodilatation.
Experiments have been carried out to determine which blood vessels are chiefly concerned in the vascular dilatation and contraction caused by adrenaline. Etherized cats were used, in which a fall of arterial bloodpressure usually results from intravenous administration of small amounts of adrenaline (about 0 005 mg. for an animal of average size): the fall may or may not be preceded by a slight initial rise. Occasionally as large a dose as 0 05 mg. may cause a fall.
Obstruction of the main abdominal visceral arteries enhances the depressor response, while clamping the common iliacs diminishes the effect (Fig. 2) . Occlusion of the last-named vessels cuts off the cutaneous as well as the muscular blood circulation of the hind limbs. If the hind limbs are skinned the effect of clamping the iliacs in reducing the fall of blood-pressure is more striking than with the limbs intact. These experiments suggest that the vessels specially dilated by adrenaline, as had been noted by Hoskins, Gunning -and Berry, are those of the skeletal muscles. In support of this contention is the shrinkage of the intestine which usually, although not invariably, occurs during the fall (Fig. 3) ; this shrinkage is considerably less than that obtained with pressor doses. Plethysmographic records show frequently a diminution in the volume of the limbs during the fall of arterial pressure. It has been noted however that the amount of shrinkage recorded is affected by the actual position of the plethysmograph. The more muscle included in the cylinder the less is the shrinkage obtained; the shrinkage is most constantly noted when the volume of the foot alone is taken. When the proximal segment with its mass of muscle is included expansion commonly results. The skinned limb on the other hand expands .
during the fall of arterial pressure ( Fig. 4, B ); for Fig. 3 . Cat. Ether. this result to be obtained, however, care has to be Intestinal volume and arterial blood-pressure.
taken to prevent cooling which interferes with and 0 00.5 mg. of adrenaline. may reverse the reaction. Time= 10 sec. The shrinkage of the intact limb is not the mere result of abstraction of blood to other regions, since the limb may remain shrunken for some time after the arterial tension has passed its lowest value.
The effects of ether on adrenaline action. Since the experiments outlined above seemed to show that adrenaline causes vasodilatation especially in muscles, the investigation was continued in the hope of obtaining evidence as to how volatile anaesthetics enable small doses of adrenaline to lower the arterial blood-pressure. Two possibilities were considered; anaesthesia either augments the vasodilator action or reduces the vasoconstrictor effect. The rise in arterial pressure caused by adrenaline is recognized as resulting from two actions, viz. cardiac and vascular.
The effect of ether on the action of adrenaline on the heart. In view of the work of Levy (8) which showed that adrenaline was liable to depress the heart in the presence of chloroform, the possibility 1 B Fig. 4 . Cat. Ether. Arterial blood-pressure, and volume of hind limb (A) before and (B) after skinning of hind limb. 0-005 mg. of adrenalne. Time= 10 sec. that ether might have a similar effect was considered. The venous pressure can be taken as an index of cardiac efficiency; the observations of Eyster and Middleton (9) and also investigations made personally have shown that even slight grades of cardiac impairment cause a rise in venous pressure. During the adrenaline fall of arterial pressure, a fall of venous pressure is the rule (Fig. 5) . The venous pressure occasionally shows a slight rise instead of a fall; in this case the rise is delayed till the arterial pressure has well fallen and is not comparable with the rise caused by heart failure. The absence of cardiac impairment is further indicated by the increased force and (occasionally) rate of the heart, as shown by cardiographic tracings (Fig. 6 ). The output of the ventricles is Of adrenalin. Time= 10 sec.
slightly increased and their diastolic volume diminished. The absence of heart failure is further indicated by the fact that the pulmonary arterial pressure rises; this change may, however, in part be due to pulmonary vasoconstriction: failure of the left ventricle is excluded as a cause since the cardiographic record shows that the activity of this part of the heart is increased.
The effects of ether on the action of adrenaline on blood vessels. Theoretically the vasodilator action may be enhanced by ether. There are considerable difficulties in the way of demonstrating such an hypothesis or, alternatively, of disproving it. On the other hand, ether might effect a diminution of the vasoconstrictor action. Dale's work on ergotoxine and adrenaline gave colour to this idea, which was therefore investigated. Those vessels were studied which adrenaline is known even in small doses to constrict, viz. the splanchnic and cutaneous vessels.
That the intestinal vessels are constricted by ether has been shown by D e ro u a u x (10). This I have confirmed. There will thus be less room for further vasoconstriction.
Clinically, ether is known to dilate the cutaneous vessels. During the third stage of ether anaesthesia in man the skin is flushed. In decerebrate or chloralosed animals ether causes an increase in limb volume of prolonged duration, which may be preceded by a sharp diminution; effects of ether on the volume of the skinned limb in such animals are much less striking, and usually absent, even when a volume response is readily obtainable by other procedures such as intravenous injection of acetyl choline. It may therefore be concluded that the increase of limb volume caused by ether is due to dilation of skin vessels. The suggestion that the action of ether upon the vessels of the skin and of the intestine diminishes the constrictor effect of adrenaline may now be considered. For this purpose the effect of a dose of adrenaline on a chloralosed animal was compared with the effect of the same dose on the same animal subsequently given ether. It is found that the shrinkage of the intestine is more marked in the former than in the latter (Fig. 7 ). The intestinal blood vessels of the decerebrate animal are likewise more strongly contracted by adrenaline than those of the same animal under the influence of ether.
SUMMARY.
It is suggested that ether diminishes the vasoconstriction caused by adrenaline; that ether diminishes the pressor effect had been previously shown by the work of Rous and Wilson(@i). The commonly observed differences in reaction of visceral and muscular vessels to adrenaline have been utilized with a view to testing this hypothesis by experiment. Too much stress should not be laid on these differences as being fundamental, but they form a convenient point of attack on a controversial problem. Dale and Richards (12) have given an explanation of the constancy with which adrenaline dilates the vessels of muscle.
It is possible that even with relatively large doses of adrenaline vasodilatation in the muscles takes place, but that it is masked by the preponderant constriction of the visceral and cutaneous blood vessels. However, attempts to prove this in experiments in which a mercury valve was used to control the arterial blood-pressure were inconclusive. Gunning(13) has shown that larger doses than those just mentioned constrict the muscle vessels.
It is further suggested that ether causes a diminution of the cardiac effect of adrenaline, but not conversion of that action from stimulation to depression. It would appear that the lessening by ether of the effect of adrenaline on the heart enables the vasodilator action of this substance to reveal itself in the blood-pressure tracing, but that the principal cause of the fall in arterial tension is a diminution of active vasoconstriction, whereby the dilator action is unmasked. I wish to thank Prof. McDowall for suggesting the investigation and for much helpful advice. To Messrs Parke Davis I am indebted for supplies of adrenaline.
